Abstract Declining rates of participation are an increasing challenge for studies that involve telephone surveys. This study examined the costs of a telephone survey methodology that used increasingly intensive tracing methods to track a pool of claimants who had sustained occupational back injuries. It also compared the respondent sample to people who refused the survey and/or were not located or contacted. 3,181 claimants were drawn from a database maintained by the Missouri Division of Workers' Compensation (DWC) and 1,475 completed a telephone interview. The DWC database provided data reflecting monetary and disability outcomes for all potential participants; telephone interviews provided additional self-reported data. More intensive tracing strategies improved the representativeness of the sample, yielding more women and minority participants. Relative to less intensive techniques, advanced tracing efforts located people whose DWC records were more similar to claimants not located. While the hands-on tracing efforts reduced the apparent bias of the respondent sample, costs increased as tracing strategies intensified -over $98,000 was spent to trace 1,027 claimants who were never located or contacted. The results suggest some guidelines that may
facilitate decision-making for researchers and funders who must balance the trade-off between costs and nonresponse bias when planning surveys.
Telephone interviews provide important data for public health surveillance activities and for targeted research. Unfortunately, response to telephone surveys continues to decline in the USA. For example, response rates for the Centers for Disease Control and Prevention (CDC) Behavioral Risk Factor Surveillance System (BRFSS) declined from a state-specific median of 63.2 percent in 1996 to 48.9 percent in 2000 (CASRO response rates, CDC, 2001) . BRFSS samples are biased in demographic characteristics compared to their source population: they are more likely to be women and non-Hispanic white, and less likely to be in the youngest and oldest adult age groups.
Survey respondents have been found to have better health and health habits than nonresponders (Shahar, Folsom, and Jackson 1996; Dunne et al. 1997; Badawi et al. 1999; Klesges et al. 1999; Turner 1999; Barchielli and Balzi 2002; Solberg et al. 2002; Zaslavsky, Zaborski, and Cleary 2002; Turrell et al. 2003) , although some studies report a reverse bias for some behaviors (Dunne et al. 1997) . Not all studies, however, find that low response rates bias results (e.g., Curtin, Presser, and Singer 2000; Keeter et al. 2000) . Aside from potential nonresponse bias concerns that are broadly relevant to all survey research, some sampling frames (e.g., fixed lists) generate unique issues: member lists may be inaccurate or dated. Tracing and tracking methods may achieve higher response rates and provide a sample with characteristics closer to those of the original sampling frame. At the same time, these methods also can present logistical difficulties (e.g., Morrison et al. 1997; Oropesa and Landale 2002; Weinberger et al. 2002) .
Indeed, methods that increase response and decrease potential bias can be complex and expensive. There are some reports on the relative utility of implementing multiple recruitment and tracing steps (e.g., respondent incentives, Weinberger et al. 2002) . However, there are few studies that provide explicit results of the impact of such strategies on potential bias (Page 1987; Schumm et al. 1999; Koo and Rohan 2000; Teitler et al. 2003) and even fewer that have examined the associated costs of different strategies or sequenced steps (Morrison et al. 1997; VanGeest et al. 2001; Teitler et al. 2003) . Teitler, Reichman, and Sprachman (2003) reported that increasing efforts to interview unwed fathers, including moving from telephone to in-person interviews, increased the similarity between the sample and the target population; but, at very high levels of effort, the improvement was diminished, and the resulting cost of data collection ranged from $154 to $1,574 per case. The added effort and expense were not found to appreciably improve information in at least two national tests of random digit dialed (RDD) surveys: the Survey of Consumer Attitudes (Curtin, Presser, and Singer 2000) and a comparison of two public opinion polls (Keeter et al. 2000) . Of course, RDD surveys cannot describe possible personal information biases from the underlying sampling frame relative to potential participants who were neither contacted nor interviewed.
The present study examined the impact of tracing strategies of increasing intensity on both cost and apparent non-response bias. These data were derived from a larger study of race-based healthcare disparities among Workers' Compensation (WC) claimants who had sustained occupational lumbar injuries and whose claims had been settled between January 2001 and June 2002 (the Disparities in Occupational Lumbar Injuries Outcomes Research [DOLOR] project; Tait et al. 2004; Chibnall et al. 2005) . Because DOLOR respondents were members of a fixed public list maintained by the Missouri Department of Workers Compensation (DWC), we were able to examine the cost of acquiring additional respondents by the use of increasingly intensive tracing methods. Further, using information from the DWC database, we were able to examine characteristics of the respondent groups relative to the intensity of tracing that they required. We also were able to compare respondent characteristics to those of people who refused the survey and to those who were never located or contacted. Finally, we could estimate the potential bias associated with race-based differences in disability rating assigned at the time of claim settlement (one of the primary study variables), as a function of the respondent pools identified by the three levels of tracing. Race was chosen as a predictor because (1) it was associated with tracing method and (2) it was strongly associated with outcomes in the DOLOR project (e.g., Tait et al. 2004; Chibnall et al. 2005 ).
Materials and Methods

SAMPLE
The population for this research was all first-incident WC claimants from two urban population centers (Kansas City and St. Louis) whose low back injury claims were settled in the State of Missouri between January 1, 2001 and June 1, 2002. The primary questions for this study involved racial/ethnic disparities in healthcare and healthcare outcomes (Tait et al. 2004; Chibnall et al. 2005) . Racial/ethnic identifiers were obtained through interviews of claimants residing in these high concentration areas; no race/ethnicity data were available in the WC claimant database. After completing initial pretesting of study methods and materials, the working sample consisted of 3,170 potential respondents (see figure 1 ).
SURVEY METHODS
Following institutional review board approval of the study, attempts were made to contact all 3,170 claimants in the working sample. This was done using public information obtained from the Missouri DWC, followed by tracing methods to locate claimants who had moved, changed telephone numbers, or who had no contact information. A letter was sent to claimants prior to the call explaining the study and the compensation ($25) for participation. The telephone interviews were conducted to supplement information in the electronic State of Missouri DWC files for the claimant cases. DWC record variables included dollar amounts for medical treatment, temporary disability payments, settlement awards, final disability rating (0-100 percent), preinjury compensation rate (66.7 percent of claimant's average wage during prior 13 weeks), and claim duration (days between injury and claim settlement).
Trained staff from a national research contractor (Battelle Centers for Public Health Research and Evaluation) conducted computer-assisted telephone (CATI) interviews. Claimants were asked to report social and demographic characteristics and medical outcomes. Mean pain intensity was summarized on a scale of 0 to 10, with higher numbers representing greater pain (Jensen et al. 1996) . Physical and mental health-related quality of life were measured by the Short-form 12 (SF-12) Physical and Mental Summary Measures (Ware, Kosinski, and Keller) ; other measures assessed worst, least, and usual levels of pain over the past week (Jensen et al. 1996) , pain-related disability (Tait et al. 1990 ), pain-related coping (Pain Catastrophizing Scale; Sullivan et al. 1995) , activity avoidance (Fear-Avoidance Behavior Questionnaire; Waddell et al. 1993) , and work satisfaction (Work APGAR Scale; Bigos et al. 1991) . Finally, a series of Likert-type questions evaluated respondents' current employment status, current financial status, and general satisfaction with the WC experience. Completed interviews lasted 15-20 minutes.
PROCEDURES FOR TRAINING AND TRACING
Training: Five specialists with an average of six years of experience comprised the tracing department of Battelle. They were trained in the use of internet searches of national phone directories, people-search databases, and credit bureau searches.
Overview of tracing steps:
For the current study, interviewing and tracing efforts were divided into three stages. In stage 1, it was determined that 2,333 potential respondents (73.6 percent) in the DWC sample had contact information (addresses and phone numbers). These records were confirmed with basic "batch" tracing via electronic databases -National Change of Address (NCOA) and TeleMatch (described below) -and then were forwarded to the telephone interviewing team for initial contact. Cases with inaccurate contact information were passed back to tracing for further investigation (stages 2 and 3). Also included in stages 2 and 3 were records that had no contact information in the original DWC data set. In stage 2 (basic hands-on tracing), subject names were re-checked using NCOA and TeleMatch. If the contact data were still insufficient, any new information obtained from the interview attempts was passed back through the databases for up to two cycles. If these efforts failed, subject contact information was submitted to tracers for advanced hands-on tracing efforts (stage 3). There were up to seven techniques for these hands-on methods. These are described briefly in table 1 and in more detail below.
Batch tracing (stage 1): National Change of Address (NCOA) and
TeleMatch: The US Postal Service's NCOA database includes information from change of address cards and includes changes as recent as three weeks prior to the request. TeleMatch is a computerized residential telephone number service that uses name, address, and ZIP Code as the search criteria using batch files.
Basic hands-on tracing (stage 2):
PhoneDisc or PowerFinder USA1 is national phone directory software that provides searches by name, address, and/or phone number and also reverse searches. Internet white pages include subscription-based phone number look-up searches by name, address, and/or phone number. In addition, tracing specialists also used potentially useful phone numbers acquired through any tracing resource to collect information that might prove useful for repeating processes in the search strategies described above.
Advanced hands-on tracing (stage 3): Trans Union Credit Bureau is an
online service that provides more specific information based on various public databases. Intelius is an online subscriber-based, people-search product that provides access to public records (e.g., real estate deeds, lawsuit filings should be squared for chi-square analyses and should be multiplied by 100 for t-tests.) To estimate the potential bias associated with race and differential tracing success, disability rating (0-100 percent) was regressed on race (White versus African American) in three samples drawn from the three tracing intensity levels described above. All analyses were completed using SPSS for Windows (version 13.0, 2004; SPSS, Inc., Chicago, IL).
RESULTS
Of the 3,181 potential interview respondents, 34 (1.1 percent) were deceased, 21 (0.7 percent) were incapable of participating due to institutionalization or incarceration, 19 (0.6 percent) were unable to understand or speak English well enough to complete the interview, and 173 (5.4 percent) were ineligible due to multiple low back injuries, non-low back injuries, or ongoing claims. Thus, the eligible population comprised 2,933 claimants. Of this number, 1,475 (50.3 percent) completed the study; 431 refused to participate (14.7 percent); 114 (3.9 percent) were never reached at telephone numbers and/or addresses that were verified as accurate; and 913 (31.1 percent) could not be located (a valid telephone number and/or mailing address could not be obtained despite intensive tracing efforts). Of the 1,475 study completers, 703 (47.7 percent) were contacted without the need for hands-on tracing (DWC contact information was current or updated through NCOA and Telematch batch tracing); 370 (25.1 percent) could not be located with the DWC information, but were located through batch tracing and basic hands-on tracing methods; and 402 (27.3 percent) could not be located with DWC information or basic tracing and required advanced hands-on tracing methods. Figure 1 describes the sample frame in more detail.
Over 28,000 individual queries were generated in tracking and tracing for the 3,181 original members of the WC file (see table 1 ). Battelle used a case tracking system that counted iterative steps ("queries" of locator resources and tracing steps), and also assigned a primary source of information codes to located cases. The single "best" source of apparently valid contact information was credit bureau data; however, it was often used in conjunction with other resources. Nearly half of the respondents were eventually located via batch tracing sources, either in stage 1 or stage 2 efforts. While the NCOA was coded most often as the primary source for locating respondents, nearly 40 percent of the located cases could not be coded as having one primary source (table 1) . Table 2 displays DWC recorded characteristics of the original sample and demographic characteristics for those who were interviewed. Compared to the group of 703 respondents whose DWC contact information was correct (column 1), a combined group (n = 772) of basic tracing (n = 370, column 2) and advanced hands-on training (n = 402, column 3) respondents differed significantly (see column 4) with respect to race (more African Americans; phi = .08), age (younger; V = .07), gender (more women; phi = .06), area (more St. Louis City, fewer Jackson County; V = .07), compensation rate (lower; eta 2 = .004), medical costs (lower; eta 2 = .004), no full-time employment (more; phi = .07), and SF-12 physical functioning scale (lower; eta 2 = .004). Compared to the group of 1,475 respondents (column 5), a combined group (n = 1,458) of refusals (n = 431, column 6) and those who could not be located/contacted (n = 1,027, column 7) differed significantly (see column 8) with respect to compensation rate (lower; eta 2 = .006), medical costs (lower; eta 2 = .003), and disability rating (lower; eta 2 = .006). As the effect size estimates indicate, all of these differences were uniformly small, with the associations accounting for less than 1 percent of the variance in any given comparison.
Table 2 also shows that costs for tracing and interviewing increased as more intensive strategies were applied. In the group with accurate DWC contact information, the associated interview plus tracing cost was $176.11 per respondent, increasing to $205.30 and $265.22 for basic and advanced hands-on 
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Age ( Mean disability rating 0-100% (SD) 11.7 (9.9) 11.9 (9.2) 10.3 (9.6) tracing groups, respectively (table 2) . In addition, nearly $100,000 was expended for the 1,027 cases who were not located or contacted. The mean cost per completed interview was $289.24 (based on 1,475 interviews among 2,933 WC claimants) of which approximately 19.8 percent ($57.15 per subject) was for tracing efforts.
To further assess the bias associated with race-based differences in tracing methods, claimant disability rating was initially regressed on race (Caucasian = 0 versus African American = 1) in the sample of 703 stage 1 respondents. The standardized regression coefficient (beta coefficient) for race was −.36 (p < .001), with an associated R 2 of .13. Expressed as a mean difference, the untransformed mean disability rating was 13.5 (standard deviation [SD] = 9.5) for Caucasians and 7.3 (SD = 5.9) for African Americans in this group. With stage 1 and 2 groups combined (n = 1,073), the beta coefficient for race was −.34 (p < .001; R 2 = .12). The mean disability rating was 13.7 (SD = 9.7) for Caucasians and 7.6 (SD = 6.2) for African Americans. With all three groups combined (n = 1,475), the beta coefficient for race was −.32 (p < .001; R 2 = .10). The mean disability rating was 13.4 (SD = 10.0) for Caucasians and 7.8 (SD = 6.6) for African Americans. The successive addition of respondents requiring more intensive tracing methods incrementally reduced the association between race and disability rating, while increasing the variance of disability ratings in both race groups.
Discussion
The results show that intensive tracing methods in a subject pool of WC claimants with resolved back injury claims added 402 successful interviews (27 percent of the total) to 1,073 interviews that had been completed with respondents more easily located. Relative to the easily located group, those who required intensive tracing were disproportionately female, younger, and African American. Further, the WC claim characteristics of interviewed respondents located by intensive methods were very similar to those of claimants who were never located. Similarly, among respondents who required little or no tracing, those who agreed to interviews appeared comparable (on the DWC database characteristics) to those who refused. Together, the data suggest that the final sample was broadly representative of the total population of WC claimants with resolved back injury claims. Among those who were easily located, respondents were similar to those who refused, while those who were difficult to trace seemed to parallel the group that we could not locate.
While the addition of 402 respondents appeared to increase the representativeness of the study sample (and increased our confidence in the study results), the benefits of the additional tracing are not clear-cut. In particular, neither the difficult-to-locate respondents nor those who could not be located at all differed greatly from the rest of the sample on an absolute basis: differences between the groups, while statistically significant, accounted for only about 2 percent of the total variance. Moreover, the marginal gain in representativeness came at a significant cost: the cost of locating and interviewing those respondents, if combined with the costs associated with those whom we failed to locate, totaled 38 percent of the interview/tracing budget of $580,000 (21 percent on those who were interviewed and 17 percent on those who were not located).
We can speculate about the reasons why younger, female, African American claimants were harder to find. All three demographic characteristics may be associated with a more transient lifestyle, especially under the strain of injury and work disability. Women may be harder to locate because of living arrangements that are connected with partner names rather than their own. Further, financial strain may coexist with younger age, female gender, and minority status to increase difficulties in locating and interviewing potential research participants. Post-hoc analyses support this speculation: responders who required no tracing, basic tracing, and advanced hands-on tracing were compared in regard to their reports of financial stress in the previous 12 months. Members of the latter group were much more likely to report that they or a family member had not seen a doctor due to financial difficulties (41.4 percent versus 26.4 percent of those with no tracing and 28.7 percent for those with basic tracing), that they had worried about having enough money for food (52.7 percent versus 39.8 percent and 46.1 percent, respectively), and that they had worried about having a place to live (45.8 percent versus 31.1 percent and 36.4 percent, respectively).
The results reported here are limited in several important ways. The DWC program and its claimants are from a single mid-western state and may not represent the tracing and interviewing potential in other programs. In addition, our experience with biases in participants and financial requirements for tracing cannot be extrapolated directly to other fixed sampling frame lists. The fact that the non-respondents in this study did not show major differences from respondents on the characteristics in the DWC records does not mean that they did not differ from respondents in other ways. Nonetheless, the general findings of sample bias and increased cost for hands-on strategies are consistent with other reports (Boice 1978; Badawi et al. 1999; Schumm et al. 1999; Barchelli and Balzi 2002; Weinberger et al. 2002) .
Notwithstanding these limitations, the findings of this study cast empirical light on recent discussions of the relative costs and benefits of additional recruitment efforts as a means to reduce sampling bias (Curtin, Presser, and Singer 2000; Keeter et al. 2000; Teitler et al. 2003) . Our data suggest that intensive tracing efforts can unearth respondents with characteristics that are similar to those of people who cannot be located. Further, both of these groups differ from easier to locate respondents. The differences, however, are relatively small (accounting for approximately 2 percent of the variance) and come at a steep price.
That price may be justifiable for research where a 2 percent difference yields public health information applicable to a large population or for a disorder with major consequences. For studies where the results apply to smaller population groups or disorders with milder consequences, however, the cost may not be justified. In the case of the current study, the results provided some assurance that our findings were generally applicable to the Missouri population of low back injury claimants, but explained relatively little in the way of additional variance in study variables.
The Public Health Service's Healthy People 2010 (U.S. Department of Health and Human Services 2000) goals include improving information to assess and include groups who experience disparities (chapter 23). These goals are set for typical federal surveillance systems and data streams, but are also relevant to systems like state WC programs. In the current study, the addition of more demographic data, including race/ethnicity, was required to investigate possible disparities in the management of WC claims and in the long-term outcomes of WC treatment. As with any study of healthcare outcomes, an indepth analysis of outcomes requires self-reported information from the patients, themselves. Our experience with WC claimants underscores the potential problem of bias if information is derived only from the "easiest" members of this kind of sampling frame. While our experience with WC claimants highlights the potential problem of bias if information is derived only from the "easiest" members of this sampling frame, the additional costs incurred for obtaining a somewhat more representative research sample may offset this apparent gain.
Endnotes
1. We appreciate the recommendation from a referee that we compare the results of the tracing outcomes with post-stratification weighted data. Unfortunately, we were unable to calculate weights for the sample because the typical variables, and ones we hypothesized would be important (race, age, gender) are not available on non-respondent in the Workers Compensation databases and they were only available by telephone. The sample was drawn from a database that has no such variables, so comparing (weighting) our responders to the overall sampling frame is not possible as it would be if we had drawn a sample, and telephone numbers, from the population at large (and used the Census to estimate bias).
2. While this research was conducted by telephone, we speculate that interviews conducted in-person might have met with a similar level of non-response and bias. Having a working telephone number was a problem in our trace and contact, but it was most often linked to claimants who had moved. However, in-person interviews of located cases might have had a lower refusal rate. In addition, the costs of tracing people in-person from a possible address would have been prohibitive.
